A healthy 33-year-old woman comes to establish care. She reports no breast symptoms, her age at menarche was 14, and she has no children. She notes a family history of early-onset breast cancer in her sister (whose condition was diagnosed at the age of 35 years and who is alive at 39 years), mother (diagnosed at 37 years and alive at 60 years), and maternal aunt (diagnosed at 42 years and alive at 62 years). Her maternal grandfather died of prostate cancer. What would you advise regarding screening for breast cancer and strategies to reduce her risk?
of the BRCA2 mutation, with corresponding risks of ovarian cancer of 24% and 8%, respectively 9 ; annual risks vary according to age (Fig. 1) . 10 A study by Rennert et al. 11 in this issue of the Journal shows that rates of survival for women with breast cancers associated with either the BRCA1 or the BRCA2 mutation are similar to those in women without these mutations. Other data have supported similar outcomes for carriers and noncarriers of the mutations, at least when adjuvant chemotherapy is used. 12 If possible, a woman with either breast or ovarian cancer should be the first person in the family to undergo genetic testing. If no mutation is found, further BRCA testing in the family probably will not be helpful unless there is reason to suspect that the tested woman may have had a nonhereditary cancer (phenocopy) and that another relative is more likely to be a mutation carrier.
Specialized Breast-Cancer Surveillance

Breast Examination
The effectiveness of breast self-examination has not been formally evaluated in women with a hereditary risk for breast cancer. A meta-analysis of studies performed in women at average risk showed no significant reduction in breast-cancer mortality with breast self-examination but did show an increase in the number of biopsies performed. 13 The value of clinician-performed breast examination as an adjunct to radiographic screening is also unclear. In three large studies of women at average risk, 3 to 8% of cancers were detected solely by clinical examination. [14] [15] [16] In smaller studies of women with a hereditary risk, the propor- 
Mammography
A meta-analysis of the efficacy of screening mammography in the general population calculated a reduction in breast-cancer mortality of 16% in women of all age groups combined, 22% in women over the age of 50 years, and 15% in women between the ages of 40 and 49 years. 21 No randomized, controlled trials of mammographybased screening have specifically analyzed data on women with a familial risk of cancer, although the performance of mammography in such women in population-screening programs is generally similar to that in women without such a family history. 22 Several observational studies have described outcomes in women with a familial risk who were enrolled in specialized mammography-based screening programs. The studies varied in the baseline risk of the screened cohort, the frequency of mammography (annual or biennial), and mammographic technique (one view or two views). Among the more than 18,000 women screened in 10 series, 17,23-31 29% of incident tumors were interval cancers (i.e., those presenting as a palpable mass after a normal screening examination), 84% of invasive cancers were smaller than 2 cm, and 66% were lymph-node-negative at the time of diagnosis ( of patients with a familial risk of cancer were younger than 40 years of age, and interval cancers appear to be more common in this age group. 32 The reduced sensitivity of mammography in younger women probably results from both increased breast density and a propensity for the development of rapidly growing cancers. 33 Specialized mammography-based screening programs have not been shown to result in downstaging or improved survival for women with a familial risk.
The sensitivity of mammography is also suboptimal in women with BRCA mutations. In 361 women with BRCA mutations who underwent mammography-based surveillance, only 11 of 21 incident cancers were detected radiographically, and 10 cancers developed between annual screenings. 17, 19 Risk factors for interval cancer, such as increased breast density and shorter doubling times, may be associated with a hereditary predisposition. 34, 35 In addition, BRCA1-associated cancers frequently demonstrate a "basal-like" phenotype, which has been associated with interval presentation in other studies. 36 Although imperfect, annual mammography is recommended for women with BRCA mutations beginning between the ages of 25 and 30 years, when breast-cancer risk begins to increase. 10,37 For women without documented BRCA mutations who have a substantial familial risk of breast cancer, screening is suggested to begin at an age that is 5 to 10 years earlier than the youngest age at diagnosis in the family. The recent Digital Mammographic Imaging Screening Trial (DMIST) reported that digital mammography may be more accurate than mammography without computeraided detection in younger women or in those with dense breasts. 38
Magnetic Resonance Imaging
Several single-center and multicenter studies have evaluated screening magnetic resonance imaging (MRI) in women with a hereditary risk for breast cancer (Fig. 2) . Prospective studies involving 3991 high-risk patients, including 913 with BRCA mutations, showed that MRI detects more than twice as many cancers as does simultaneously performed mammography or sonography 18, 20, [39] [40] [41] [42] (Table 2 of the Supplementary Appendix). In the studies, MRI detected 64 to 100% of cancers, whereas mammography and ultrasonography each detected 16 to 40%. Of all cancers identified, 78% were detected by MRI, 38% by mammography, and 42% by ultrasonography (when performed). Rates of interval cancer were less than 10% when MRI was performed. Of the cancers identified by MRI, 12 to 27% were ductal carcinoma in situ (DCIS). Of the invasive tumors, 75 to 94% were 2 cm or smaller, and axillary nodal metastases were identified in 17 to 25%. Of the 155 cancers that were detected by screening in these series, 18 (10 DCIS and 8 invasive) were detected on mammography but not on MRI (12%). Therefore, MRI should be considered as a complement to mammography, rather than as a replacement.
Concern has been expressed about the specificity of breast MRI. The definition of a positive examination has varied from study to study, which has complicated comparisons of specificity and positive predictive value. In the prospective studies, specificities were generally more than 95% (range, 81 to 97). 18, 20, 39, 40 Approximately 11% of examinations resulted in recalls for additional evaluation. 18,40 In 7 to 12% of patients, either short-interval follow-up was recommended or the study was interpreted as probably benign, corresponding to the definition for category 3 of the Breast Imaging and Reporting Data System (BI-RADS). 18, 20, 39 The overall rate of biopsy (percutaneous or surgical) was 5 to 11% for women undergoing combined MRI and mammographic screening. 20, 40 The rate of additional imaging required for indeterminate lesions appeared to decline with ongoing screening, as did rates of benign findings on biopsy, dropping from 11 to 5% by the third round of annual screening in one study. 20 The positive predictive value of an MRI that was interpreted as "suspicious for cancer" or "highly suggestive of cancer," corresponding to the BI-RADS category 4 or 5 definition, was more than 45%. 18, 20, 39, 42 The positive predictive value is expected to be lower in lower-risk populations, and MRI screening is likely to be most cost-effective for mutation carriers (as opposed to women at lower risk), 43 particularly for BRCA1 carriers and for the subgroup of BRCA2 carriers with dense breasts. 44
Ultrasonography
The addition of ultrasonography to screening mammography in asymptomatic women with nonfatty breasts yielded a rate of breast-cancer detection of 0.35 percentage point. 45 The benefit in women with a familial risk has not been established. In three studies of women with a hereditary risk who underwent screening with mammography, ultrasonography, and MRI, only 2 of 83 cancers were detected solely by annual ultrasonography. 20,39 Two additional nonpalpable cancers were detected by screening ultrasonography performed at 6-month intervals in one study. 39 Ultrasonography did identify a significant number of mammographically occult tumors. Of the 83 cancers in these series, only 32 (39%) would have been identified by mammography alone, whereas 45 (54%) would have been detected by a combination of mammography and ultrasonography. This finding suggests that ultrasonography may add benefit beyond mammography alone in women with a hereditary risk but provides little incremental benefit in women undergoing screening with MRI.
Screening for Other Cancers
Screening for other BRCA-associated cancers (e.g., ovarian, prostate, male breast, and pancreatic cancers) is often recommended even though there is no clear proof of benefit. 46 In particular, serum CA-125 measurements and transvaginal ultrasonography have not been shown to downstage ovarian tumors in BRCA mutation carriers at the time of detection or to improve survival with ovarian cancer. 47, 48 In families with a hereditary predisposition not related to BRCA1 or BRCA2, screening for other component tumors is commonly recommended but generally has not proved to be beneficial.
Strategies for Reducing Risks
Chemoprevention
In the large, randomized Breast Cancer Prevention Trial, tamoxifen given for 5 years was shown to reduce the incidence of breast cancer by 43% in women at increased risk. 49 However, tamoxifen is associated with an increased risk of uterine cancer and venous thromboembolism. Another randomized trial comparing raloxifene with tamoxifen showed that raloxifene was associated with a reduction in the risk of breast cancer that was similar to that of tamoxifen but with a lower risk of endometrial cancer and venous thromboembolism. 50 A subgroup analysis of the Breast Cancer Prevention Trial did not show a significant benefit in women with BRCA mutations, but a benefit was not excluded. 51 The effect of raloxifene in such women has not been studied. Adjuvant tamoxifen reduces the risk of contralateral breast cancer in affected BRCA mutation carriers. 52 Case-control studies examining the effect of oral contraceptives on the risk of ovarian cancer in BRCA mutation carriers have demonstrated a substantially lower risk (up to 60%) in women who have had 3 or more years of exposure. 53, 54 Other studies have suggested that oral contraceptives may increase the risk of breast cancer in mutation carriers. BRCA2 mutation carriers using oral contraceptives for 5 or more years had twice the risk of breast cancer in one study 55 ; in another study, 56 the risk for BRCA1 carriers increased by 30%.
Surgery
Risk-reducing salpingo-oophorectomy (RRSO) is an important preventive intervention in BRCA mutation carriers. Although this surgery has not been evaluated in randomized trials, retrospective and prospective cohort studies indicate a reduction in the risk of BRCA-associated gynecologic cancer of 80 to 96% 57-59 and a reduction in the risk of breast cancer of approximately 50%, most likely through the induction of premature menopause. 58-60 RRSO is also associated with reduced overall and cancerspecific mortality. 61 Surgically induced menopause may diminish the quality of life; short-term lowdose estrogen replacement may be prescribed for symptoms, but there is a theoretical concern that such therapy may reduce the protective effect of RRSO against breast cancer.
Risk-reducing mastectomy (RRM) reduces the risk of breast cancer by at least 90% in mutation carriers. 62 The cosmetic effect of the procedure may be mitigated by newer reconstructive techniques, but women undergoing surgery may still find it has a detrimental effect on self-image and sexual function.
RRSO and RRM do not entirely prevent the risk of subsequent breast or ovarian cancer. The residual risk of primary peritoneal cancer after RRSO has been reported to be 0.2% annually. 57 The absolute risk after RRM has not been clearly defined.
A r e a s of Uncer ta in t y
Randomized, controlled trials of surgical interventions to prove mortality benefits are not likely to be feasible. Even if preventive mastectomy reduces the risk of breast-cancer mortality, the degree to which it improves survival beyond that achieved with RRSO and surveillance (including MRI), with or without tamoxifen or raloxifene, is not clear. Also uncertain are the roles of mammography and MRI screening in BRCA mutation carriers who are either under 30 or over 65 years of age, the role of screening ultrasonography, and the optimal sequencing of screening examinations. Additional data are needed to address the concern that repeated mammography may induce breast cancer in mutation carriers, although recent studies have not supported such an association. 63, 64 Data are also needed regarding the optimal duration and time to initiate hormonal chemoprevention in young women identified as having a hereditary risk for breast cancer. Finally, the potential role of preimplantation genetic diagnosis in women who carry BRCA mutations warrants consideration; data are needed regarding the safety of hormonal treatments that are used to induce ovulation in these women. 65 R ec om mendat ions from Profe s siona l S o cie t ie s
Published guidelines for management of breastcancer risk in women with a hereditary risk are presented in Table 3 . 8, 46, [66] [67] [68] [69] No randomized, controlled trials of screening methods or prophylactic interventions have been conducted specifically in mutation carriers; guidelines are based largely on expert opinion and on observational studies and trials involving women at high risk for cancer.
Sum m a r y a nd C onclusions
The woman described in the vignette is clearly at increased risk for breast cancer. Risk-prediction models based on family history indicate that her lifetime risk is 30 to 40%. BRCAPRO, the most commonly used model for predicting the presence of a mutation, indicates a 37% probability of detecting a BRCA mutation. 5 BRCA testing should be offered to the patient's sister. Even if no mutation is found in the family, this young woman is still at increased risk for breast cancer, and mammography should begin by the age of 40 years or 5 to 10 years before the youngest age at which breast cancer was diagnosed in a family member, whichever is earlier.
In women with a BRCA mutation, screening should begin by the age of 25 to 30 years. Although no studies have shown a mortality benefit, the American Cancer Society recommends MRI screening in addition to mammography for women with a BRCA mutation or for women who, like this patient, have a lifetime breast-cancer risk of at least 20 to 25% on the basis of family history. 8 Ultrasonography and breast examination may increase detection rates slightly but at a cost of more false positive results and additional evaluations. Preventive mastectomy and salpingooophorectomy for BRCA mutation carriers are options that should be discussed with women who are at increased risk. Oophorectomy is performed after childbearing, since the greatest increase in the risk of ovarian cancer occurs later than that of breast cancer in BRCA mutation carriers. 65 Risks and benefits of chemoprevention (e.g., with tamoxifen or raloxifene) should also be discussed. In many circumstances, patients may be referred to genetic counselors and physicians with expertise in clinical cancer genetics and with access to targeted prevention trials. Finally, the patient should be made aware of the inherited nature of breast-cancer risks and should be encouraged to refer family members for consideration of genetic testing and of strategies for prevention and early detection. 70
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